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Flexural Members -I- Restrained Beams fa

6)Lial

Beams In structures

1 Beam is predominately subjected to bending.

O A beam is a structural member which is subjected to
transverse loads, and accordingly must be designed to
withstand shear and moment.

1 Generally, it will be bent about its major axis.
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Flexural Members : Introduction

deola
Beams in structures
T —
' Cantilevered beam
wn
5
8 Overhanging beam
8 :
$ ; |
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a Simply supported beam |
w
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Flexural Members : Introduction a

Beams in Buildings

Flexural members are the second most common structural members in frame
structures.
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Flexural Members : Introduction a

Beams in Buildings-Construction and installation
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Flexural members are the second most common structural members in frame structures.
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Flexural Members : Introduction a

Beams in Buildings-Construction and installation

Flexural members are the second most common structural members in frame structures.

Steel Structures?2 Prof.Dr. Nael M. Hasan https://manara.edu.sy/



https://manara.edu.sy/

Flexural Members : Introduction -

Beams in Bridges

Flexural members are the second most common structural members in frame structures.
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Flexural Members : Introduction a

LA T T

Beams in Bridges

Beam and deck
connections in ———————
Bridges ’

Py

Flexural members are the second most common structural members in frame structures.
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Flexural Members : Introduction a

Beams in Bridges-Construction and installation

Beams in Bridges-Construction and installation

il

Flexural members are the second most common structural members in frame structures.
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Introduction: Section Profiles for Flexural Members ...

ojtial
Beam cross-sections may take many different forms, as shown below, and these
represent various methods of obtaining an efficient and economical member.

» Thus, most steel beams are not of solid

cross-section, but have their material by = Ay = Rl
distributed more efficiently in thin walls. -—__::l{_; -‘—w% ji
I | |
by
» Thin-walled sections may be open, and ‘n ; ;
while these tend to be weak in torsion, e =t ol
they are often cheaper to manufacture ‘ L
than the stiffer closed sections. 3—‘_? !-f% —
Channel

» The most economic method of
manufacturing steel beams is by hot-
rolling, but only a limited number of open — AR

cross-sections is available. | |

> A substitute may be fabricated by

connecting together a series of rolled m

p'EtEE. — i —

o
[
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Introduction: Classification of Flexural Members doots
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The resistance of a steel beam in bending depends on;

P the cross section resistance or

» the occurrence of lateral instability.

Clamp at
~ root

A \
) Buckled

H Beam
A -I. ® A -|. .-
< ' — ‘

. inoaded
Y, U position
position W \\‘:‘
W \_.';
Dead weight \\L
load applied :
\vertically /.  Lateral-torsiona
ra j bucklina
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Introduction: Classification of Flexural Members PA

deola
6)liall

Whenever one of the following situations occurs in a
beam, lateral-torsional buckling cannot develop and

assessment of the beam can be based just on the cross
section resistance:

 The cross section of the beam is bent about its minor z
axis;

« The beam is laterally restrained by means of secondary
steel members, by a concrete slab or any other method
that prevents lateral displacement of the compressed
parts of the cross section;

 The cross section of the beam has high torsional stiffness
and similar flexural stiffness about both principal axes of
bending as, for example, closed hollowcross sections.
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Introduction: Laterally Restrained Beams a_%
bt

Types of restraining condition of beam

1- Restrained Beam A beam where 2- A full lateral restraint may be
the compression flange is provided by concrete floor
restrained against lateral whichsufficiently connected to the
deflection and rotation. Only beam, or by sufficient bracingmembers
vertical deflection exists. added.
Concrete slab Cﬂ?jﬁmﬁiﬂn flange
| ( | | built in the slab |
(SR P T
\ |
© P - -

=%

4
777%/\ . f Prestressed concrete Whole section
¥ ST i I concealed in concrete |
o o A Z

L

anr-u-riew } K |

Steel mesh
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Introduction: Laterally Restrained Beams

Lateral restraint may be of along the span or at

some points along the span.

Py P3

: .
I B Primary beam I C

e
A
P
Original shape

\“"—-— Secondary beams —-"";

Front view of the primary beam

“-’:‘;_____ Secondary beams \‘F/_

o}

=

Deform shape

Points A, B, C and D are restrained from deform laterally by the secondary beams and the connection at column

Plan view

W

o)Ll
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Introduction: Laterally Restrained Beams

By means of secondary steel members:

Secondary beam provides lateral restraint
to primary beams at the connected point

] [ 1 E
| S ——— | ——

[=] (n] =] o

s | e Secondary beam e | =

(] o (=] =]
—— ——

Va

&)ligJi

Secondary beam provides
lateral restraint to the primary
beam at the connected point

—_—T

=0
- O
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/
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Introduction: Laterally Restrained Beams
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Introduction: Laterally Restrained Beams doola
ool

Beam under a transverse load is analyzed and

designed for the followingcriteria..
« Bending (Uniaxial or Biaxial)
« ShearCombined effect of Shear and Bending

« And-Serviceability”
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Introduction: Laterally Restrained Beams %

8Ll

Behavior under flexure/bending.

Horizontal lines
become curved

Vertical lines remain
straight, yet rotate

Before deformation After deformation

The assumption “plane section remains plane” also applies for steel section:
» Strain varies linearly.
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Introduction: Laterally Restrained Beams %V
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Stress distribution for elastic section under flexure/bending.
12.7 MPa 112 MPa
f Hl /
Example: 12 7 MPa
12.7 MPa

(d) But, steel is not purely elastic
material and its material utilization
dependent on the section class:
» Elastic and plastic moment

11.2 MPa 12.7 MPa v resistance can develop.
B oo B 11.2 MPa D 12.7MPa
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Introduction: Laterally Restrained Beams %
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Elastic and plastic bending moment resistance of steel section.

Elastic bending moment resistance. Plastic bending moment resistance.

of a cross section is attained when the normal stress in the point | The bending moment that is able to totally plastify a section is
furthest away from the elastic neutral axis (e. n. a.) reaches the | denoted as the plastic bending moement M,

yield strength f; the corresponding bending moment is denoted }J
the elastic bending moment M,,. ©v

-«
T - Y
I r h
2 yy ay
!"" ‘ f'f’y

Stress distribution

(profile view)
Ty
Ty
l“
| % ¢
o N ey o
Plastic M g s v
viclding ‘ Stress-strain diagram
oy 2 (elastic-plastic region)
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Introduction: Laterally Restrained Beams Bending PA

Elastic bending moment resistance.

6)ligJl

Elastic and plastic bending moment resistance of steel section.

Moment-curvature  behavior

of a rectangular cross-section
in bending

Flastic bending moment resistance.

An alternative way to capture the sense of elastic and plastic

moment resistance is through the moment curvature relationship

T
|:| Elasiic kL
S [ . ST ——

Ej Flinstie @ i

Moment M

fal  Elesime

jb} Elastie-plisne

Elastic

fel Plasaes o

Ld

Cooan: sbotion Baiier palbern Slass patiesm Cureature 4
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Introduction: Laterally Restrained Beams Bending PA
daola
Elastic bending moment resistance. otiel

A steel cross section (assuming equal yield strengths in

tension and compression), the elastic neutral axis (e.n.a.) is

located at the centroid only if the section is symmetrical.

Elastic —— T

and p

pIaSti.C M |G ena

bending )

moment - |
Istance s

resis I or H section M= M,

of steel

section. In case of non-symmetric cross sections, such as a T-

section, the neutral axis moves in order to divide the section in

two equal areas. »
I A kL

= V oF . N ,-'1|.
- A
T section M= M,
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Introduction: Laterally Restrained Beams Bending PA

Plastic bending moment resistanégo)!

Similarly, the plastic neutral axis (p.n.a.) is located at the
centroid for these sections

EllaSt_iC and ,arlul- M [l = A.: Jf1. d:_' + Ar ;1 d." = (SL' + Se’ )’{1 = H;,m" JII[1
astic »
Eending d ) where.

A BERE2 T is the second moment of area about the elastic
mqment d neutral axis (coincident with the centroid of the cross
resistance of ~ — section):
steel section. . Jy v is the maximum distance from an extreme fiber to the

e same axis:

W, = I/ v is the elastic bending modulus;
A, and A, are the areas of the section in compression
and in tension, respectively (of equal value);

A | 1, is the yield strength of the material,
d. 3% PM% 4 and d, are the distances from the centroid of the
d, areas of the section in compression and in tension,
y —» respectively, to the plastic neutral axis;
W, Is the plastic bending modulus, given by the sum
— i of first moment of areas A_ and A;, in relation to
M= My the plastic neutral axis (W_=5.+5;).
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Introduction: Laterally Restrained Beams Bending in EC1993-1-1 PAD

deal

Uniaxial bending . 8)li_all

In the absence of shear forces, the design value of the
bending moment Mg, at each cross section should satisfy:

M Ed

'1;1:'.&:!
where M. gy is the design resistance for bending.

=1.0

The design resistance for bending about one principal axis of a cross section is
determined as follows:Class 1 or 2 cross sections

M g =W, ﬂ /}’.ﬁm

= (Class 3 cross sections Where,

Wi is the plastic bending modulus

: eimin 1S the minimum elastic section bending modulus
Mr Rd = H}:.} min .J'(l. /?-lﬂi Wegmin 1S the minimum elastic bending modulus of the reduced effective section
' ' : Y is the yield strength of the material
Yo is the partial safety factor

= (Class 4 cross sections

M,z =W min J, / Y mo
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Introduction: Laterally Restrained Beams Bending in EC1993-1-1
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Introduction: Laterally Restrained Beams Bending in EC1993-1-1 PA

doola

Net area in bending o)lioli
For plate members in Tension Zone

» Holes in the tension flange for bolts or other connection members may be ignored if the
following condition is satisfied,

Ao 0.9 1, /JVM: 2 Ay f}-/:"mu

where A; ., and A; are the net section and the gross area of the tension flange, respectively, and
Yo IS a partial safety factor (defined according to (EC3-1-8).

> A similar procedure must be considered for holes in the tensioned part of a web, as described
in clause 6.2.5(5) of EC3-1-1.

For plate members in Compression Zone

» The holes in the compressed parts of a section may be ignored, except if they are
slotted or oversize, provided that they are filled by fasteners (bolts, rivets, etc...).
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Lecture 3-4
Flexural Members

v -ll- Laterally Restrained Beams
v lI- Unrestrained Beams
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Introduction: Laterally Restrained Beams dools
bt
BehaV|Or Under Shear Transverse

shear stress

4 . Longitudinal @/ Tr ansverse
shear stress =
Shear
T | stress

\

| Bl |

SeEaEmmaRmngs
Tl | T !ﬁi

1 JAr Er '

(b) After deformation
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Introduction: Laterally Restrained Beams s
Shear Stress Distribution.

Shear-stress
distribution

. — — —
-
N
n‘.
B
=

Parabola

Intensity of shear-
stress distribution
(profile view)
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Introduction: Laterally Restrained Beams doola

Shear Flow
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Introduction: Laterally Restrained Beams dools
otioll
Shear Flow
A~ /'// (‘Imax)f 2( )
FJ" Ff T : Qmaxf
LR F s =]
'
Fpy=¥ 1 (Gmax)w
' —
[ — — ] //:]l %
F; F Py }tyl- 5
D// (qmax)f
(qmax)f

Shear-flow distribution
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Introduction: Laterally Restrained Beams donls

PASAR TR T

Shear Flow

(ql’ﬂﬂX)W

(qmax)f

] Shear flow distribution
Shear-flow distribution
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Introduction: Laterally Restrained Beams-Bending-In EC1993-1-1 doois
&)Li_adl

PASAR TR T

Shear Center
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Introduction: Laterally Restrained Beams
Shear Flow Effect
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Introduction: Laterally Restrained Beams-Shear-In EC1993-1-1 G
bt

According to clause 6.2.6 (EC1993-1-1), the design value of the
shear force ,Vg4, must satisfy the following condition:

7 <1.0 Where: Vcrdis the design shear resistance.

o, Rel

Considering plastic design, in the absence of torsion the design shear resistance,
VcRrd, IS given by the design plastic shear resistance, Vpird, given by the following
expression

Vi ra = (f f\f) Yuo  where Avis the shear area,

Via Avis defined in a qualitative manner for an | section subjected
to shear as

A =2bt, +(t_ +2r)t, but not less than nh _t_
n may be conservatively taken equal 1.0.

V

The shear area corresponds approximately to the area of the parts of
the cross section that are parallel to the direction of the shear force.
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Introduction: Laterally Restrained Beams-Shear-In EC1993-1-1 ﬁ
Similarly EC1993-1-1 clause 6.2.6(3) provides expressions for the calculation of 9“2
the shear area for standard steel sections:

A =24/% I
=]

Ii” A, =A—2bt, +(t, + 2r)t, < nht,
[A, = Ab/(b+ h) l % | ] % B A, =A=2bte +(t, +r)t;

- = | Wl =)
I

| m—ansi] Wl

_H- | Il:]l% |,4,~=ui:h.hrwh |
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Introduction: Laterally Restrained Beams-Shear-In EC1993-1-1 dools

When verification of , Vcrd, can not be performed using the design plastic shéaf
resistance, Vg4, @ conservative verification , a conservative verification
excluding partial plastic shear distribution can be done, which is permitted in
elastic design

afEd <1.0  where, Tgy is the design value of the local shear
f . .-”'F (\.E ;VMU) stress at a given point, obtained from:

Ved is the design value of the shear force;
S is the first moment of area about the centroidal axis of that
Vﬁu S portion of the cross section between the point at which the shear
Is required and the boundary of the cross section;
1t | is the second moment of area about the neutral axis;
t is the thickness of the section at the given point.

4 td

For some | or H sections, the shear stress can be calculated more simply from

7
‘\"]:'d

if A, /A 20,6 Where: A:s is the area of one flange;

T =
kd Awis the area of the web: Aw= hw. tw.

W
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Introduction: Laterally Restrained Beams-Shear-In EC1993-1-1 d_ﬁ

6jliall
Where the shear force is present allowance should be made for its effect an )
the moment resistance.

For Elastic Analysis.

The following condition (from von Mises criterion for a state of plane stress)
has then to be verified:

5 - f, Where, G is elastic normal stresses
= \/ og-+37° £—

Y o T is elastic shear stresses

o

vor — Mises

For Plastic Analysis

The model used by EC3-1-1 evaluates a reduced bending moment obtained
from areduced yield strength (fyr) along the shear area.

Where, fyris obtained as;

j— = r fyr = (l - p) f}
" o i 2
= = Where, p = -1
g - - S e — pl.Rd

I
Ji? o (M) (V)
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Introduction: Laterally Restrained Beams-Shear-In EC1993-1-1 ooia

Interaction diagrams for
| or H sections

| IPEorHEA

~.1PE

6)Lial

Where the shear force is present allowance should be made for its effect on™™
the moment resistance.

For Elastic Analysis.
Bending moment—shear force

In general, it may be assumed that for low values of
shear it is not necessary to reduce the design plastic
bending resistance.

When V¢, < 50% of the plastic shear resistance Vg,
it is not necessary to reduce the design moment
resistance M. r4 , €xcept where shear buckling
reduces the cross section resistance.

If Veq 2 50% of the plastic shear resistance V4, the
value of the design moment resistance should be
evaluated using the reduced yielding strength (f,,).

In | or H sections with equal flanges, under major axis
bending, the reduced design plastic moment
resistance M,, rq4 may be obtained from:

ol p ‘(? An' ] j;' <
"H_r.!".f?n" = W,m'xj' o ’ but M_r.f-’..’?s.f = ‘M_L-..:-.IE‘:."

4t

Y o

Where, Av= hw X twis the area of the web,
My.crdiS the design resistance for bending moment about the y-axis.
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Introduction: Laterally Restrained Beams-Shear-In EC1993-1-1 oola

PASAR TR T

, and shear resistance is not required

[ Combined bending and shear resistance checking ]‘9 If Veg> 0.5Vcrd then the reduced moment resistance =
design resistance of the cross section calculated using
' reduced yield strength

Using reduced

. V.. = 05N Reduced moment resistance should be yield strength
if "Ea 2N pLRa taken in design resistance of cross
section
|
2
( 2VEq 1) general
I\ p — —_— =
R , VpLRd
\ R | ;. = (1- )
- strength for the — *°7 Y I
shear area ' : 2 With present
 lores
+ Alternatives | p= (ﬂ— 1) ~lorsien
VoLT.Rd

er?

if Vﬂd < D'ENFLTRH

[ o taken as 0 |
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Design According to EC3: Restrained Beams PAV

dedal a
. . . . . s 'J_ﬂ_”
To summarize a beam is considered restrained Iif: o

*The section is bent about its minor axis

=Full lateral restraint is provided

*Closely spaced bracing is provided making the slenderness of the
weak axis low

*The compressive flange is restrained again torsion

*The section has a high torsional and lateral bending stiffness

There are a number of factors to consider when designing a
beam, and they all must be satisfied for the beam design to be
adopted:

*Bending Moment Resistance

»Shear Resistance

»Combined Bending and Shear

=Serviceability
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Design According to EC3: Restrained Beams PAV

Bending Moment Resistance Summary:

1.Determine the design moment, Med
2.Choose a section and determine the section classification
3.Determine Mcrd, using the equation for the respective cross section. Ensure that

the correct value of W, (the section modulus) is used.
4.Carry out the cross-sectional moment resistance check by ensuring Mcrd> MediS

satisfied.

Shear Resistance Summary:

1.Calculate the shear area, Av
2.Substitute the value of Avinto equation to get the design plastic shear resistance
3.Carry out the cross-sectional plastic shear resistance check by ensuring Vpird > Ved IS

satisfied.
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Worked Example: Example on cross-section resistance in bendin e

Example 4.1.Awelded | section is to be designed in bending. The proportions of the
section have been selected such that it maybe classified as an effective Class2
cross-section. The chosen section is of grade S275 steel, and has two 200 x 16mm
flanges, an overall section height of 600mm and a 6mm web. The weld size (leg
length) s is 6.0mm. Assuming full lateral restraint, calculate the bending moment
resistance.

—
* 4" Solution [1]. Section classification Step1.4: Determine class of the outstand
T [ T Step1.1: Identify the element type. element in bending
il Flange is outstand and the web is Internal ~ Limit for Class 1 flange = 9= = 8.32

S 275 for t=16mm element
v Material Properties: 8.32>5.69 . flange 1s Class 1

ol m| a] ¥ - Step1.2: Evaluate the slend tio (c/t

! > f,=275MPa SIopl - SRt Ui schdemeen e (el Step1.5: Determine class of the internal

i > f = 430 MPa cg=(b -ty —25)/2=91.0mm element in bending

|| > E=210 GPa Outstand = | Limit for Class 3 web=124s = 114.6

4 x = f:L:I_L £ fg.ff:9],0_ﬁ1640:5.69

L + | | o= h — 21r— 25 =556.0 mm 114.6 > 92.7 . . web 1s Class 3 .
h=600.0mm W, y=2536249 mm3 nterna e/t = 556.0/6.0=92.7 Step1.6: De‘Fermme c.lass _of the cross section
b=200.0mm ’ wi fw - : Overall section classification is :- CLASS 3
t =6.0mm Step1.3: Evaluate the parameter «. However, as stated in clause 6.2.2.4 (EC3-1-
VoA _q_f T AR aeE 1), a section with a Class 3 web and Class 1
tf:16'0mm e=4/233/fy = V/235/275 = 0.92 or 2 flanges may be classified as an effective
$=6.0mm Class 2 cross-section.

Steel Structures?2 Prof.Dr. Nael M. Hasan https://manara.edu.sy/
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Worked Example: Example on cross-section resistance in bending :3°55

Eurocode 3 ( clauses 5.5.2(11) and 6.2.2.4 ) makes special allowances for cross-sections with Class 3 webs and Class 1 or
2 flanges by permitting the cross-sections to be classified as effective Class 2 cross-sections. Accordingly, part of the
compressed portion of the web is neglected, and plastic section properties for the remainder of the cross-section are
determined. The effective section is prescribed without the use of a slenderness-dependent reduction factor p , and is

therefore relatively straightforward.

fy
x %
5 Neglected Compression
ineffective area
h _
vy __ WeTw ol _
t Plastic neutral axis
W
" Tension *
AN
X [ |
f
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Worked Example: Example on cross-section resistance in bending &

T
'f

c:b_u_l[

Example 4.1.A welded | section is to be designed in bending. The proportions of the
section have been selected such that it maybe classified as an effective Class2
cross-section. The chosen section is of grade S275 steel, and has two 200 x 16mm
flanges, an overall section height of 600mm and a 6mm web. The weld size (leg
length) s is 6.0mm. Assuming full lateral restraint, calculate the bending moment

resistance.

T

L

e

I 1 47

|

[

ER

'y

S 275 for t<16mm
y Material Properties:

Z
|
|
|
|
!

oy —»i |
|
|
|
|
|
|
|
|
|
|
|
|

» f,=275MPa
» f,=430 MPa
| , » E=210 GPa
1 X T 1™ ! te
2 3 5
> h=254.1mm » W, ,=2536249mm?
> b =200.0mm
» t,=6.0mm
» { = 16.0mm
» s=6.0mm

Solution [2]. Effective Class 2 cross-section properties

Step2.1: Plastic neutral axis of effective section.
Based on equal areas above and below the plastic neutral axis

b F?
X $
3 2061, }
Neglactad Compression
ineffective area
h IZ |:|13 I.A- p—

F'Ia5t|c neutral axis

L]

_‘,d—

X ——

Tensian

z=h—t;—5—(2x20ety) _Bending resistance
= 600.0~ 160~ 6.0 — (2x 20 X 0.92 % 6.0) , - - Woyerfy
(AL Rd —
= 356.1 mm MO
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Worked Example: Example on cross-section resistance in bending a%v

S)liol
Solution [2]. Effective Class 2 cross-section properties
Step2.2: Plastic modulus of effective section.
Wiiyerr = bte(h — #5) + 1. {(20ety + 5)[Z — t — (20ety, + 5)/2]}
+ to(20et,, x 20ety, /2) + ty[(h — t; — Z)(h — t; — Z2) /2]
= 2259 100mm’
Solution [3]. Bending resistance of cross-section
W .
M, .pa = Woryeit /v for effective class 2 sections
- ™Mo
_ 220 li‘]g X275 _ 621.3 x 10 Nmm = 621.3kNm
- Hence used Bending
Based the Effective W,y er = 2,259,100 mm? | resistance
provision CLASS 3 — CLASS 2 instead of, Tby 6%
of EC3-1-1 W,,=2124800mm* — = —=
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Worked Example: Example on shear resistance

Y

o)Ll

Example4.2. Determine the shear resistance of a 229x89 rolled channel section
In grade S275 steel loaded parallel to the web.

—> |- S 275 for t<16mm

» f,=275MPa
| » f,=430 MPa

- » E=210 GPa
| LR
z
228.6mm

88.9mm P A=4160mm?
8.6mm

13.30mm

13.7mm

¥ ____J_____y Material Properties:
|
|
|

Al o s o
in u n

Solution

Step1: Compute the Shear area A,
Shear resistance is determined according to

A (f,/V3)

TMO

Vpl,Rd —

And for a rolled channel section, loaded

parallel to the web, the shear area is given
by
Av=A — 2bts + (te + 1)is

=4160 - (2 x 889 x 13.3) + (8.6 + 13.7) x 13.3

— 2092 mm-
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Worked Example: Example on shear resistance

Example 4.2. Determine the shear resistance of a 229x89 rolled channel
section in grade S275 steel loaded parallel to the web.

—»| < S 275 for t<16mm

|
| LR
b4

228.6mm

88.9mm P A=4160mm?
8.6mm

13.30mm

13.7mm

Yyvyyy
I ul GBL”BE=3
nouon

» f =275 MPa
> ,=430 MPa

| . T
y - ___i_____y Material Properties:

!

' > E=210GPa

Step2: Determine the Shear resistance V, g4

2092 x (275//3)
1.00

Stepd: Check for shear buckling

Shear buckling need not be considered,
ided: &,
o < ?ZE for unstiffened webs

VolRd = = 332000 N = 332 kN

L n
£ = 4/235(f, = +/235/275 =092
n=1.0
C
7 1.0

Actual h,, /t, = 23.5<66.6
.- No shear buckling check required

Y

o)Ll
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Worked Example: cross-section resistance under combined %Y/‘

bending and shear T
Example 4.3. A short-span (1.4m), simply supported, laterally restrained beam is to be
designed to carry a central point load of 1050 kN, as shown. The arrangement results in
a maximum design shear force V 4 0of 525 kN and a maximum design bending moment

M4 Of 367.5 KNm. Check the suitability of 406x178x74 UKB in grade S275 steel.

1050 kN | b " Solution [1]. Section classification
i z Step1.1: Identify the element type.
B =T | NP | Flange is outstand and the web is Internal element
¥ P"T'* Step1.2: Evaluate the slenderness ratio (c/t)
t e ce=(b—ty—2r)2=74.8 mm
) o 0 o g i - Outstand |y = 74.8/16.0 = 4.68
‘ ' Cu Cw=h—2tr = 2r=360.4 mm
> h=412.8mm Internal
» b =179.5mm Cw/tw = 360.4/9.5 = 37.94
> t,=9.5mm v " ! 1
» t. = 16.0mm + | . 1 — ' Step1.3: Evaluate the parameter «.
» r=10.2mm z P — —
> A=9450mm3 S 275 for t<16mm S 235”;' =/ 235/275=0592
> W, ,=1501000mm? Material Properties: Step1.4: Determine class of the outstand element in bendil
» f,=275MPa Limit for Class | flange = 9¢ — 8.32
» f,=430 MPa
» E=210 GPa 8.32 > 4.68 .. flange 1s Class 1
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Worked Example: cross-section resistance under combined %Y/‘

bending and shear T
Example4.3. A short-span (1.4m), simply supported, laterally restrained beam is to be
designed to carry a central point load of 1050 kN, as shown. The arrangement results in
a maximum design shear force V 4 0of 525 kN and a maximum design bending moment

M4 Of 367.5 KNm. Check the suitability of 406x178x74 UKB in grade S275 steel.

1050 kN b ' . . L
Pﬁ Solution [1]. Section classification
: Step1.5: Determine class of the internal element in bendir
'y | ] . .
_ i Limit for Class 1 web =72z = 66.56
Gy
Coy —i - 66.56 > 37.94 . web s Class 1
}‘ * '| Step1.6: Determine class of the cross section
0.7m 0.7m h| ¢, Y ===~ Overall section classification is :- CLASS 1
» h=412.8mm Solution [2]. Bending resistance of cross-section
> b f 179.5mm , The design bending resistance of the cross-section
> tw: ?653'"“ X | ) ./ | & r W f
: :r;10.2nT: ;_2?5 : 216 t My ra = “:ﬂ}u 4 for Class 1 or 2 cross-sections
» A=9450mm?2 or t=16mm 3
> W, ,=1501000mm? Material Properties: M, ra = 1301 "‘I IL?U X275 412 % 10°Nmm — 412
> f,}, = 275 MPa A12kNm>367.5kNm Cross-section resistance
» f,=430 MPa in bending is acceptable
» E=210 GPa
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Worked Example: cross-section resistance under combined

bending and shear

W

o)Ll

Example4.3. A short-span (1.4m), simply supported, laterally restrained beam is to be
designed to carry a central point load of 1050 kN, as shown. The arrangement results in
a maximum design shear force V 4 0of 525 kN and a maximum design bending moment
M4 Of 367.5 KNm. Check the suitability of 406x178x74 UKB in grade S275 steel.

l 1050 kN | b
B + I NP ]
il —
Ty — | |
e
0.7m 0.7 m nl el ¥ Y
» h=412.8mm
» b=179.5mm
> t,=9.5mm ¥ " !
> t = 16.0mm R é"
» r=10.2mm -
b A=9450mm2 S 275 for ts16mm
> W, ,=1501000mm? Material Properties:
» f, =275 MPa
» f,=430 MPa
» E=210 GPa

Solution [3]. Shear resistance of cross-section

otep3.1: Compute the Shear area A,
Shear resistance is determined according to

Ay(1,/V3)

MO

|

plLRd

For a rolled | section, loaded parallel to
the web, the shear area A, is given by

Ay=A = 2bty 4 (ty + 2r)t; (but not less than nhyty)
n=1.0

ho=(h—2t)=412.8 - (2 x 16.0)=380.8 mm

A, =9450 — (2 x 179.5 x 16.0) + [9.5 + (2 x 10.2)] x 16.0

= 4184 mm? (but not less than 1.0 x 380.8 x 9.5 = 3618 mm?)
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Worked Example: cross-section resistance under combined %Y/‘

bending and shear T
Example4.3. A short-span (1.4m), simply supported, laterally restrained beam is to be
designed to carry a central point load of 1050 kN, as shown. The arrangement results in
a maximum design shear force V 4 0of 525 kN and a maximum design bending moment

M4 Of 367.5 KNm. Check the suitability of 406x178x74 UKB in grade S275 steel.

1050 kN [P R " Solution [3]. Shear resistance of cross-section
1 | - | Step3.2: Determine the Shear r:esistance Voird
T i Ci VpI.Rd = Sila 3'(] ((2];5';"/;3} =064 300N = 664.3 kN
Ty — | |
e e N Step3.3: Check for shear buckling
0.7 m 0.7 m hl e y —={R— Shear buckling need not be considered, provided:
E Iy :
» h=412.8mm w < 72E for unstiffened webs
» b=179.5mm Iy n
> tw= 9.5mm v @/ ' 3t
- A f - 2
> t = 16.0mm v e 725 =72 x 222 _ 66.6
» r=10.2mm z ) 1.0
> A=9450mm? S 275 for t<16mm Actual hy/t, = 380.8/9.5=40.1
» W, ,=1501000mm? Material Properties:
' _ 40.1 < 66.6 shear buckling check
[ f,r: 275 MPa - no snedr DUCKINE CNeCK requ
: fEu ; g?g EE: 664.3 = 525 kN .. shear resistance 1s accept.
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Worked Example: cross-section resistance under combined
bending and shear

W

Example4.3. A short-span (1.4m), simply supported, laterally restrained beam is to be

designed to carry a central point load of 1050 kN, as shown. The arrangement results in
a maximum design shear force V 4 0of 525 kN and a maximum design bending moment

M4 Of 367.5 KNm. Check the suitability of 406x178x74 UKB in grade S275 steel.

r

ER %

S 275 for t£16mm
Material Properties:

» f,=275 MPa
» f =430 MPa
» E=210 GPa

lJLr.

T

= Myypqg =

Solution [4]. Resistance of cross-section to combined bending and shear
Step4d.1: Determine the influence of the design shear force

The applied shear force is greater than half the plastic shear resistance
of the cross-section,

Step4.2: Determine the reduced moment resistance
{Wpl.}' B pAi’,flflIw}f;
MO

2V g4 (2 x 525 i
= —1] = -1 =027
g (Vpl,m ) ( 689.2 )

Ay, = hyt, = 380.8 x 9.5=3617.6 mm>

M:.,-j{]::_d = but 1M}-:1-',Rd < a'lrf}.j_.:Rd

(1501000 — 0.27 x 3617.6° /4 x 9.5) x 275
1.0
Cross-section resistance to combined bending and shear is acceptable

— 386.8kNm = 367.5kNm
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Worked Example: cross-section resistance under combined

bending and shear Sy
Désignation y . Dimension
Designation Dimensions Dimensic
Bezeichnung Abmessungen Konstr
1
G h b b it r A h; d
kg/m mm mm mm mm mm mm? mm mm
UB 406 x 140 x 39+ 3901 3% 1418 6,4 8,6 10,2 49,65 3808 360 4 h
UB 406 x 140 x 46+ 46,0] 4032 142,2 6,8 11,1 10,2 58,64 380,8 360 4
UB 406 x 178 x 54+ ST 4026 17,7 1] 10,9 10,2 68,95 380,8 360 4
UB 406 x 178 x 60 60,1] 4064 17y 19 12,8 10,2 16,52 3808 3604 '
UB 406 x 178 x 67+ 6111 4094 178,8 8,8 14,3 10,2 85,54 380,8 3604 o
B 406 x 178 x 74* 421 4118 1795 95 16 10,2 94,51 3808 3604
G ly Wely [Wply*| iy Ayvz I, Welz [Wplzt| Iz S5 I b
kg/m]| mm* mm® mm? mm mm? mm? mm® mm? mm mm mm? mm®
I x10¢ | x10° | x10° | x10 | x10%7 | x10¢ | x10° | xI¢° x 10 x10* | x10¢
UB 406 x 140 x 39 3900 12508 6286 7237 1587 1151 4096 5780 9085 287 35,55 10,99 154,9
UB 406 x 140 x 46 46,00 15685 7780 8876 1635 1983 5381 7568 118, 3,03 41,15 19,07 206,
UB 406 x 178 x 54 511 18720 930,0 1055 1648 33,28 1021 149 1783 3,85 4145 23,50 3910
UB 406 x 178 x 60 60,11 21600 1063 1199 1680 34,60 1203 1353 2090 397 45,45 33,49 465,
UB 406 x 178 x 67 67,11 14330 1189 1346 1687 3858 1365 1527 2366 3,99 49,35 46,40 5317
UB 406x 178 x 74 2l 30 133 1501 1700 41,85 1545 1722 2610 4,04 53,45 63,10 6071 ——

Sleel StrucuresZ Fror.pr. Nael vl fasarn



https://manara.edu.sy/

	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58

